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CGCDThe present paper reports the synthesis of cadmium and mercury free lamp (Y, Gd)BO3: Eu
3+ phosphor
which is in nano range useful for display device application. The phosphor doped with Eu3+ was synthe-
sized by the solid state reaction method which is suitable for large scale production and eco-friendly. The
prepared phosphor was characterized by the X-ray diffraction technique (XRD), ﬁeld emission gun scan-
ning electron microscopy (FEGSEM) and transmission electron microscopy (TEM). The optical behaviour
of the prepared phosphor was determined by photoluminescence (PL) spectra recorded in room temper-
ature. The PL excitation spectra were found at 470 nm and the emission spectra cover all visible regions
(419–625 nm) which indicate that the prepared phosphor can act as a single host for white light emitting
diode (WLED) application and veriﬁed by Internationale de I’Eclairage (CIE) techniques. The thermolumi-
nescence (TL) glow curve was recorded for Eu3+ doped (Y, Gd)BO3 phosphor. The TL glow curve was
recorded for UV, beta and gamma irradiations and also the kinetic parameters were calculated. In
addition to this trap parameters of prepared phosphor were studied using computerized glow curve
deconvolution (CGCD).
 2014 The Authors. Published by Elsevier B.V. This is an open access articleunder the CCBY license (http://
creativecommons.org/licenses/by/3.0/).1. Introduction
Up to present, (Y, Gd)BO3: Eu3+or Y2O3: Eu3+for red, Zn2SiO4:
Mn2+ or BaAl12O19:Mn2+ for green, and BaMgAl14O23: Eu2+ or
BaMgAl12O17:Eu2+ for blue are the main phosphors for plasma dis-
play panel (PDP) [1,2]. A chief drawback to these phosphors is low
efﬁciency [1–3]. Along with the great advances made in PDP and
Hg-free ﬂuorescent lamps, the demand for highly efﬁcient phos-
phors under vacuum ultraviolet (VUV) excitation increases signiﬁ-
cantly [1,2,4–6]. One of the key factors controlling luminescence
efﬁciency is the energy transfer process from host to activator,
i.e. host sensitization process [7]. The ability of host sensitization
is determined by ionic radius, electronegativity, and type of
anions/cations [1,7].
Red light emitting Eu3+ phosphors are extensively used in lamp
and display applications, and many Eu3+ doped materials are being
examined for use in new ﬂat panel display technologies. Amongthem yttrium and lanthanide orthoborates of formulation LnBO3
(Ln = Rare Earth (RE), Y) have proved to be potential candidates
for such applications [8]. The luminescence of the rare earth ions
in inorganic hosts has been extensively investigated during the last
few decades [9–11]. At present, the most widely used red-emitting
phosphor for plasma display panel (PDP) is (Y, Gd)BO3:Eu3+[12,13].
However, the colorimetric purity of (Y, Gd)BO3:Eu3+ is not sufﬁ-
cient to produce a high quality colour TV picture due to the emis-
sion 5D0–7F1 (592 nm, red–orange colour) as the most prominent
group in the luminescence spectrum. Much attention has been paid
for other borates for luminescence [14–17]. Over the last few years,
much attention has been paid to the synthesis and luminescent
properties of Eu3+-doped rare-earth orthoborates (REBO3) due to
their desirable properties as ideal vacuum ultraviolet phosphors,
whose progress is key to the development of plasma display panels
(PDPs) [18]. Various synthesis techniques have been developed to
prepare high-quality. In the present paper the (Y, Gd)BO3:Eu3+
phosphor was synthesized by the solid state reaction method.
The structural, morphological characterizations were recorded as
well as the optical behaviour of the phosphor. Prepared phosphor
64 R. Tiwari et al. / Results in Physics 4 (2014) 63–68shows very good emission spectra in all visible regions and useful
for display applications.
2. Experimental
Eu3+ doped (Y, Gd)BO3 phosphor was synthesized with Y2O3
(99.99%), Gd2O3 (99.99%), Eu2O3 (99.99%), and H3BO3 (99.5%) as raw
materials. Stoichiometric Y2O3, Gd2O3, Eu2O3, and 5mol% excessive
H3BO3 were thoroughly ground by adding proper ethanol to mix
homogeneously and then sintered at 700 C for 2 h. Themixtures were
re-ground thoroughly, and sintered at 1200 C for another 3 h. Then
the ﬁred products were ground and washed with 80–100 C distilled
water several times to remove the excess B2O3, and dried at 160 C.
The prepared phosphor was Eu3+ (1 mol%) doped (Y, Gd)BO3.
Sample phases were identiﬁed by using Bruker D8 Advance
X-ray diffractometer. The X-rays were produced using a sealed
tube and the wavelength of X-ray was 0.154 nm (Cu K-alpha).
The X-rays were detected using a fast counting detector based
on Silicon strip technology (Bruker LynxEye detector). Observa-
tion of particle morphology was investigated by scanning elec-
tron microscope (JEOL JSM-6360). The photoluminescence (PL)
emission and excitation spectra were recorded at room tempera-
ture by use of a Shimadzu RF-5301 PC spectroﬂuorophotometer.
The excitation source was a xenon lamp. Thermally stimulated
luminescence glow curves were recorded at room temperature
by using TLD reader I1009 supplied by Nucleonix Sys. Pvt. Ltd.,
Hyderabad [19–24]. The obtained phosphor under the TL examina-
tion is irradiated with UV radiation using 365 nm UV source, beta
irradiation using Sr90 source and gamma irradiation using Co60
source. Heating rate used for TL measurement is 6.7 Cs1.
3. Results and discussion
The XRD pattern of the sample is shown in Fig. 1. The width of
the peak increases as the size of the particle decreases. Broad peak15 20 25 30 35 40
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Fig. 1. XRD pattern of (Y, Gd)BO3:Eu3+ (1%shows the nano crystalline behaviour of the sample. The size of the
particle has been computed from the full width half maximum
(FWHM) of the intense peak using Scherer formula. Particle
size of sample in the range 40 nm is found. Formula used for calcu-
lation is
D ¼ 0:9k
b cos h
Here D is particle size
b is FWHM (full width half maximum)
k is the wavelength of X-ray source
h is angle of diffraction
D = 0.9*1.54/0.17*Cos (27.60) = 40 nm
Fig. 1 shows the powder XRD pattern of (Y, Gd)BO3:Eu3+. The
peaks were found to be in agreement with JCPDS card No. 16–
0277 [25] reference corresponding to the [002], [100], [101],
[102], [004], [110], [104], [112], [200], [202], [114], [204]
and [210] planes. It conﬁrms the formation of mixed phase hexag-
onal crystalline yttrium gadolinium orthoborate phosphor [26].
The formation of a mixed phase is attributed to the high tempera-
tures generated during the solid state reaction method and form
the (Y, Gd)BO3 phosphor. The particle size calculated using Scherer
formula is 40 nm. Table 1 represents the summary of XRD with
diffraction angle, particle size and FWHM of prepared phosphor.4. Field emission gun scanning electron microscopy (FEGSEM)
The surface morphology of prepared phosphor was represented
by FEGSEM images (Fig. 2a and b). From SEM images it is con-
cluded that the prepared phosphor shows nanocrystalline behav-
iour and good connectivity with grain which shows that powder
size and morphology are well controlled. No signiﬁcant difference
is observed in XRD patterns and SEM micrographs, therefore, all45 50 55 60 65 70 75
2Theta (°)
) phosphor and JCPDS card 16–0277.
Table 1
Summary of diffraction angle, crystallite size and FWHM of prepared phosphor.
S. No. 2h[2Th.] Hkl Intensity[cts] FWHM [2Th.] D (particle size) nm
1 20.53 002 8388 0.15 47
2 27.60 100 20,934 0.17 40
3 34.46 101 14,268 0.28 32
4 41.31 102 2100 0.25 35
5 48.48 004 8339 0.25 35
6 50.23 110 6699 0.39 25
7 53.02 104 5076 0.39 25
8 56.51 112 1779 0.30 15
9 60.64 200 2533 0.44 9
10 70.57 202 1296 0.55 5
Fig. 2. (a) FEGSEM image X40000 (b) FEGSEM image at X50000 resolution.
R. Tiwari et al. / Results in Physics 4 (2014) 63–68 65samples are well crystallized into hexagonal (Y, Gd)BO3 structure.
These manifest that the enhancement in luminescence efﬁciency is
not caused by grain morphology.5. HRTEM (High resolution transmission electron microscopy)
Fig. 3(a and b) displayed the HRTEM images of samples pre-
pared under different resolutions. The prepared sample exhibits a
sphere-like morphology with the particle size of 15 nm. This
two-dimensional growing habit coincided with the concept of
preferential nucleation in this system, when the particle size
continued to increase, a regular morphology of hexagonal ﬂakeFig. 3. (a) HRTEM image of phosphor (b) HRTEM image of phosphor.was also observed, indicating that the crystals were better crystal-
lized. These images are in very good agreement with XRD and
FEGSEM results. They clearly show the formation of nanosphere.
The particle size of one atom is 45 nm.
6. Photoluminescence study
The photoluminescence excitation spectra show the blue shift
at 470 nm which indicate host absorption band (HB), Eu3+–O2
charger transfer (CTB), and 8S7/2? 6PJ transitions of Gd3+ (doublet)
(Fig. 4). The presence of Gd3+ absorption in Eu3+ excitation spectra
indicates that there is energy transfer from Gd3+ to Eu3+.
The prominent excitation band was observed at 470 nm (NUV)
due to the transition of Eu3+ (7F0? 5L6) and this clearly indicates
that (Y, Gd)BO3:Eu3+ phosphors are effectively excited by near
ultraviolet light emitting diodes (NUV-LEDs) also [18].
The emission spectrum of phosphors was recorded by excita-
tions with 470 nm. The emission spectrum is shown in Fig. 5 which
is composed of 5D0–7FJ (J = 1, 2, and 4) emission lines of Eu3+. In
general, when the Eu3+ ion is located at crystallographic site with-
out inversion symmetry, its hypersensitive forced electric-dipole
transition 5D0–7F2 red emission dominates in the emission spec-
trum. If the Eu3+ site possesses an inversion centre, 5D0–7F1 orange
emission is dominant [27]. The origin of these transitions (electric
dipole or magnetic dipole) from emitting levels to terminating
levels depends upon the location of Eu3+ ion in (Y, Gd)BO3 lattice
and the type of transition is determined by selection rule [21].
The most intense peak in the vicinity of 613 and 625 nm is ascribed
to the hypersensitive transition between the 5D0 and 7F2 levels due
to forced electric dipole transition mechanism. The weak emission
at 590 and 585 nm corresponds to the magnetic dipole transition
of 5D0 and 7F1 levels.
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Fig. 4. Excitation spectra of (Y, Gd) BO3:Eu3+ (1%) monitored by 625 nm.
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Fig. 5. Emission spectra of (Y, Gd) BO3:Eu3+ (1%) monitored by 470 nm.
Fig. 6. CIE coordinate for (Y, Gd)BO3:Eu3+ phosphor.
66 R. Tiwari et al. / Results in Physics 4 (2014) 63–68The peaks found at 419, 428, 467 and 495 nmmay be due to the
oxygen ion vacancies in host lattices. The peak at 364 nm is due to
crystal ﬁeld effect in the prepared phosphor.
Fig. 5 shows the curve of PL intensity of (Y, Gd)BO3:Eu3+, this
picture reﬂects that the best doping value of Eu3+ is 1%. Emission
band centred at 467 nm is attributed to recombination of a delocal-
ized electron close to the conduction band with a single charged
state of surface oxygen vacancy [28]. The emission band at
534 nm can be attributed to self-trapped excitation luminescence
[29]. Other weak emission peaks at 495, 513, 539 and 554 nm
are due to different kinds of oxygen vacancies. Maximum peaks
are due to the Gd3+ ions present in the host material and the
intense peaks due to the Eu3+ ion as a dopant which is dominating
in nature. So we conclude that the present phosphor can act a single
host for white light emitting diode application as well as PDPs
(plasma display panels). This prepared phosphor is mercury and
cadmium free lamp phosphor in nano size range and eco-friendly.
7. CIE coordinate
The results indicate that (Y, Gd)BO3:Eu3+ (1%) phosphors can be
selected as a potential candidate for LED (light emitting diode)
application as well as for FL (ﬂuorescent lamp) and compactﬂuorescent lamp (CFL) (Ex.470). However, the relative intensity
of the emission bands which provide the fundamental colour
balance for white-light emission was achieved with the 1 mol%
sample with the spectrum (Fig. 5) providing the CIE 1931 chroma-
ticity coordinates much closer to the equal-energy white-light. The
CIE is the spectrophotometric determination (Fig. 6). It shows the
1–8 different peaks of PL spectra up to blue to red region.8. Thermoluminescence glow curve study
The TL glow curves of prepared phosphor for UV, beta and
gamma irradiations were recorded in room temperature for
30 min UV and beta irradiations as well as 0.5 kGy for gamma irra-
diation. It shows well resolved peak at 200–500 C as experimental
and ﬁtted curve. The dose–response of the phosphor was studied
by irradiating the phosphor to different doses of UV, beta and
gamma radiations and measuring the TL. The shift in peak temper-
ature for ﬁrst peak (low temperature) is more compared to the
shift in peak temperature of second peak (high temperature). This
suggests that the low temperature peak corresponds to kinetic
order close to 2 and high temperature peak will have a kinetic
order lesser than the low temperature peak.
9. Kinetic parameters by the glow curve de-convolution method
Computerized glow curve deconvolution was carried out using
the Spreadsheet program. The experimental glow curve recorded
for (Y, Gd)BO3:Eu3+ was ﬁtted into individual glow peaks by inter-
facing the solver utility of Microsoft Excel as reported by Afouxeni-
dis et al. [30]. This simple glow curve was ﬁtted to ﬁve glow peaks
with two major peaks and three satellite peaks. The general order
kinetics (GOK) equation suggested by Kitis et al. [30] was used for
the ﬁtting. The constraint that was used during the ﬁtting was
0 < b < 2. The solver is an Excel Add-in general purpose software
package which minimizes the sum of squares of the residuals to
perform a least square ﬁtting. The experimentally determined
quantities like glow peak intensity (Imax), glow peak temperature
(Tmax) and the guess values of trap depth (E) and order of kinetics
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Fig. 7. (a) CGCD curve (b) TL glow curve of UV irradiated nanophosphor for 30 min UV irradiation.
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Fig. 8. (a) CGCD glow curve (b) TL glow curve of beta irradiated nanophosphor for 30 min beta irradiation.
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Fig. 9. (a) CGCD curve (b) TL glow curve of gamma irradiated nanophosphor for 0.5 kGy gamma irradiation.
R. Tiwari et al. / Results in Physics 4 (2014) 63–68 67(b) were used as ﬁtting parameters. By changing the values of these
parameters, the experimental glow curve was ﬁtted such that the
ﬁgure of merit (FOM) percentage is at minimum. Figs. 7–9 show
the experimental glow curve (black line) along with the calculatedcurve (red line) using the GOK equation. The residual TL intensity
versus temperature after curve ﬁtting is shown in inset. The ﬁgure
of merit was 0.63%. The lower value of FOM suggests that the
analysis process was accurate. The values of the trap depth and
68 R. Tiwari et al. / Results in Physics 4 (2014) 63–68the order of kinetics obtained for the two dominant peaks were
0.67, 1.44, 1.4 and 1.77 eV for UV, beta and gamma irradiations.
In Fig. 7(a) the CGCD curve of the experimental TL glow curve
(Fig. 7(b)) which shows the three TL glow curve which is ﬁtted
from experimental data. The experimental TL glow curve shows
the 2 distinct peaks at 152 and 325 C which indicate that for UV
irradiation the formation of shallow traps occurs and higher
temperature peak is a hidden form. The hidden peak is calculated
by curve ﬁtting techniques. Similarly for beta irradiation the exper-
imental glow curve is shown in Fig. 8(b) which shows the two
glow peaks at 144 and 297 C. The peak is shifted towards the
lower temperature side as compared to UV irradiation means that
the formation of deep trap for beta irradiation and formation of
shallow trap for UV irradiation. Also for gamma irradiation the TL
glow curve shows very good TL peak at 247 and 290 C. When
we compare all those experimental peaks it is concluded that for
beta and gamma irradiations the intense peak shows the lower
temperature peak as compared to UV irradiation.
Formation of traps is due to host lattice and the Eu3+ dopant
which shows the second order kinetics. The two traps form in
the luminescence centre.
10. Conclusion
It is concluded that the Eu3+ doped (Y, Gd)BO3 phosphor was
synthesized by the solid state reaction method. The sample shows
the hexagonal structure and particle size calculated by Scherer for-
mula found in the range 5–47 nm. The surface morphology was
conﬁrmed by FEGSEM through the nano sphere formation. The
TEM images also satisfy the XRD and FEGSEM results which indi-
cate the nanospheres. Optical behaviour of mercury and cadmium
free lamp phosphor (Y, Gd)BO3 doped with Eu3+ shows all the
emission spectra in visible range which indicate that the phosphor
can act as a single host for WLED application and useful for certain
display devices. The thermoluminescence and CGCD show the
good thermoluminescence study and the value of trap depth is
found between 0.67 and 1.77 eV.
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